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[bookmark: _Toc116995841]Introduction
In RAN4#107 simulation configuration including the channel model was agreed [1]. This paper contains Nokia’s current simulation results.

Agreed Simulation Configuration
In RAN4#107 it was agreed that RAN4 would adopt the virtual cable approach to test the FR2 multiRx demodulation requirements [1].

	Issue 1-1-1: Test method for demodulation requirements for FR2 multi-Rx.
Agreement: 
RAN4 agreed to adopt virtual cable setup to test the FR2 multi-Rx demodulation requirements



In addition, as a result of the agreement of using virtual cable approach the following correlation model was agreed in RAN4#107 to be used for simulations [1]: 
	Issue 1-1-2: On new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements.
Agreement:
Consider the baseline correlation model assuming cross-talk between the TRPs and UE Rx antenna as below

, 
where  is the re-arranged channel values and 
·  denotes the Kronecker product,  denotes the diagonal matrix.
·  is the correlation matrix for each link between TRPs to UE panels generated with parameters α (Tx correlation coefficient), β (Rx correlation coefficient), and γ (cross-polarization correlation coefficient) as stated in 38.101-4 B2.3.2
·  is the cross-talk power
· Candidate cross-talk power values for initial simulation purpose:
· -15, -12, -9, -6 dB
· Other options are not precluded.
· Candidate cross-polarization correlation coefficient values for initial simulation purpose:
· γ = 0.125
· Other options are not precluded.




Based on above, the following configuration are used in Nokia’s simulations for Multi-Rx:

From 38.101-4 B.2.3.2.1 [2] the Rspat is defined:
	[image: ]



As the model agreed does not have correlation between the same polarization of the two TRPs, the RUE and RgNB can both be set to 1 effectively resulting in:

Where  is defined in 38.101-4 B2.3.2.1 [2] as
[image: ]
In addition, the following configuration setup was agreed:
	Parameter
	Value(s)
	Notes

	Number of TRPs
	2
	

	cross-polarization correlation coefficient (g)
	0.125
	

	Cross talk factor (r)
	-15, -12, -9, -6, -3 dB
	

	Number of receive antennas per Rx chain
	2
	

	Receiver options
	2x(2x2) and 4x4 (joint)
	

	SCS
	120kHz
	

	CBW
	100MHz
	

	Channel model
	TDLA30-75
	

	PTRS
	One PTRS port for sDCI SDM based scheme or
One PTRS port per TRP for mDCI schemes
	Not decided yet for sDCI but most likely this will be the outcome.

	Time offset between TRPs
	{0.25us, -0.0625us}
	It was decided in RAN4#107 to use the values {0.25us, -0.0625us} but it is still pending which value is to be used for which configuration.

	Frequency offset between TRPs
	{0Hz, 600Hz}
	It was decided in RAN4#107 to use the values {0Hz, 600Hz} but it is still pending which value is to be used for which configuration.

	PDSCH rate matching in mTRP transmission
	Not decided yet.
	

	
	
	



Simulation Results
The simulation parameters used for Nokia’s simulations in the following are,
· FR2-1, 30 GHz carrier frequency
· 120 KHz SCS / 100MHz CBW
· Channel: “2x” TDLA30-75 + correlation model
· Antenna configuration of 2 x 2 for each TRP
· Rank 4
· DMRS symbols at (2,11) symbol indexes.
· Frequency offset between TRPs: 0Hz
· Time offset between TRPs: 0us
Simulation results 2*(2x2) fully-overlapping
Simulations results shown below consider the multi TRP scheme with 2*(2x2) antenna configuration with cross-polarization correlation coefficient of 0.125 for different values of crosstalk interference (rho) caused due the signal reception from 2nd TRP.
It is visible from the simulation results that when the crosstalk interference is higher, it causes a significant reduction in the achievable throughput.
Simulation results obtained for MCS13 is shown in the Figure 1.
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[bookmark: _Ref142514511]Figure 1: FR2-1 multi TRP results – 2*(2x2) – MCS13 for different levels of crosstalk

Simulation results obtained for MCS21 are shown in Figure 2.
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[bookmark: _Ref142514527]Figure 2: FR2-1 multi TRP results – 2*(2x2) – MCS21 for different levels of crosstalk
By analyzing the throughput graphs of MCS21 when compared with MCS13, as expected the effect of crosstalk is even more pronounced when higher order modulation and coding schemes are used.

Table 1: Results for PDSCH – 2*(2x2) – MCS13 & MCS21 for different levels of crosstalk
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration and Correlation Matrix
	cross-polarization correlation coefficient (gamma) 
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	No Crosstalk
	70
	10.0

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	-15
	70
	11.6

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	-12
	70
	14.3

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	-9
	70
	N/A

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	-6
	70
	N/A

	100/120
	FR2.120-1
	MCS21
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	No Crosstalk
	70
	18.2

	100/120
	FR2.120-1
	MCS21
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	-15
	70
	N/A

	100/120
	FR2.120-1
	MCS21
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	-12
	70
	N/A

	100/120
	FR2.120-1
	MCS21
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	-9
	70
	N/A

	100/120
	FR2.120-1
	MCS21
	4
	TDLA30-75
	2(2x2) XPL Low
	0.125
	66
	-6
	70
	N/A



For 2*(2x2) with MCS13 and using the agreed correlation model, 70% of maximum throughput can only be reached for ρ<=-12dB.
For 2*(2x2) with MCS21 and using the agreed correlation model, 70% of maximum throughput cannot be reached for any of the agreed values of ρ.

[bookmark: _Toc116995848]Conclusion
In this paper we have provided Nokia’s simulation results for MultiRx topic.

In the paper, the following Observations were made:
1. [bookmark: _Toc116995849]For 2*(2x2) with MCS13 and using the agreed correlation model, 70% of maximum throughput can only be reached for ρ<=-12dB.
For 2*(2x2) with MCS21 and using the agreed correlation model, 70% of maximum throughput cannot be reached for any of the agreed values of ρ.
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For t he chan nel spatial correlation matrix, the following is used:  
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  is the spatial correlation matrix at the UE with same polarization,   -  
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  is the spatial correlation matrix at the gNB with same polarization,   -  
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is a polarization correlation matrix , and   -  
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denotes transpose.  
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